Introduction
C-reactive protein (CRP), an acute-phase reactant produced by the liver, is a marker of inflammation and is significantly associated with body mass index (BMI), waist circumference (WC) and obesity status. [1] [2] [3] Polymorphisms in the CRP gene have been associated with anthropometric characteristics (such as BMI) in humans. 4 Interleukin-6 (IL-6) is a pleiotropic cytokine with an important role in both immunoregulation and non-immune events in most cell types and tissues outside of the immune system. 5 IL-6 binds its receptor (IL-6R), and thereby activates an intracellular signaling cascade leading to the inflammatory response. 6 Several polymorphisms of the IL-6R gene have been reported to be associated with BMI, WC, waist circumference to hip ratio (WHR) and obesity. [6] [7] [8] [9] [10] CRP expression is regulated mainly at the transcriptional level, and in the liver it is mainly induced by IL-6. 11, 12 The inflammatory properties of IL-6 stimulate acute-phase protein production in the liver, leading to a rise in plasma CRP levels. [13] [14] [15] [16] In an earlier analysis, interaction between the CRP gene and the IL-6 gene was reported to affect the CRP concentration. The CRP and IL-6 genes had an additive effect on CRP concentration and other cardiovascular disease risk factors in subjects who carried both the minor IL-6 genotype and variant alleles of the CRP gene. 17 To our knowledge, the relationship between genetic variation in the CRP gene or IL-6R gene and obesity has rarely been investigated in Asian populations, and particularly in Asian children. Therefore, the aim of this study was to evaluate the effect of the CRP þ 2147 A/G (rs1205) and IL-6R rs2229238 polymorphisms on the anthropometric characteristics of Taiwanese school children.
Materials and methods

Study design and sampling
The Taipei Children Heart Study-II was an epidemiological study that evaluated obesity and cardiovascular disease risk factors in school children in Taipei during 2003. In order to obtain a representative distribution of demographic and lifestyle characteristics, we conducted a cross-sectional survey of junior high-school students in Taipei. Using a probability-proportional-to-size sampling method and multi-stage sampling procedure, we collected information in Taipei city on a sample of children from 66 012 students enrolled in 34 schools that have more than 40 classes, and on a sample of children from 25 566 students enrolled in 33 schools that have less than 40 classes. First, we randomly sampled the study schools according to size: nine large and four small schools were selected. Second, we randomly chose six classes from each selected school. All children were included from the selected classes. The 13 schools (nine large and four small) and 70 classes (54 from large and 16 from small schools) sampled were proportional to the number of students in Taipei city. A total of 1500 school children were sampled for this survey. The sampling method and results have also been described elsewhere. 3, 18 After considering the study power and excluding missing data, a total of 893 children (430 boys and 463 girls) of average age 13.1 years (from 12 to 16) were included in the final analyses.
Data collection
All the participating children completed a structured questionnaire detailing their gender, age, puberty development and lifestyle characteristics including cigarette smoking and alcohol consumption. The Ethics Committee of the Scientific Institute approved this study and informed consent was obtained from the parents and the children. Research technicians measured body weight (BW) to an accuracy of 0.1 kg using a standard beam balance scale with subjects barefoot and wearing light indoor clothing. Body height was recorded to the nearest 0.5 cm using a ruler attached to the scale. WC was measured to the nearest 0.1 cm at the level of the midpoint between the inferior margin of the last rib and the iliac crest. Hip circumference (HC) was measured at its widest point to the nearest 0.1 cm. Segmental bioelectrical impedance analysis was applied to measure body fat percentage (BF) to an accuracy of 0.1%. Their BMI was calculated by dividing the BW (kg) by the square of their height (m), and WHtR was computed, too. Moreover, abnormal anthropometric criteria were determined using an age-and gender-specific 90th percentile cut-off point.
Single-nucleotide polymorphism (SNP) genotyping
The genotypes of the CRP þ 2147 A/G (rs1205) and IL-6R rs2229238 SNPs were determined by TaqMan assay. 19 Assay on demand TaqMan assays were used for genotyping the SNPs. TaqMan probes and Universal PCR Master Mix were obtained from Applied Biosystems (Foster City, CA, USA). After amplification, allele-specific fluorescence was measured on ABI PRISM 7900 HT Sequence Detector Systems (Applied Biosystems).
Statistical analyses
The distributions of anthropometric characteristics with gender specification were described by sample means and standard deviations (s.d.). The studied children were categorized into subgroups based on their CRP þ 2147 A/G genotype (AA, AG and GG) and IL-6R rs2229238 C/T genotype (CC, CT and TT) with gender specification. The differences between anthropometric characteristics across CRP þ 2147 A/G or IL-6R rs2229238 C/T genotypes were analyzed using a general linear model. Chi-square tests were used to compare the proportions of abnormal anthropometric variables and to examine the relationship between the CRP þ 2147 A/G genotypes and anthropometric characteristics (the same tests were used to examine the association between IL-6R rs2229238 C/T genotypes and anthropometric characteristics). Different genetic models were applied to assess associations between the CRP þ 2147 A/G or IL-6R rs2229238 C/T and these profiles, including additive, dominant and recessive models. The additive model was assumed as one involving regression on the number of minor alleles. The dominant model was assumed as that comparing minor homozygotes with major homozygotes and heterozygotes. The recessive model was assumed as that comparing heterozygotes and minor homozygotes with major homozygotes. 20 To determine whether the CRP þ 2147 A/G and IL-6R rs2229238 C/T polymorphisms are predictors of anthropometric status, multivariate regression models were used to assess whether there was an association between the CRP þ 2147 A/G and IL-6R rs2229238 C/T polymorphisms and the anthropometric characteristics. We performed these analyses for six anthropometric variables (BW, BMI, WC, HC, BF and WHtR), used Bonferroni for boys, and 55.5 and 45.5% for girls. Allele frequencies of IL-6R rs2229238 C and rs2229238 T were 63.0 and 37.0% for boys, and 57.9 and 42.1% for girls. There was no significant difference in genotype distribution between boys and girls at the two polymorphisms. However, a statistical difference in allele distribution between boys and girls was observed for the IL-6R rs2229238 C/T polymorphism (P ¼ 0.03) (data not shown). Table 1 shows the relationship between the anthropometric characteristics and the CRP þ 2147 A/G genotypes of school children. Boys with the GG genotype had larger BW, BMI, WC, HC, BF and WHtR than boys carrying the A allele (all 0.01oPo0.05, except HC, P ¼ 0.009). For all genotypes, boys were also heavier, and had larger BMI, WC, HC, WHtR and less BF than girls (all Po0.002, except HC, P ¼ 0.03). There was no significant association between the anthropometric characteristics and the CRP þ 2147 A/G polymorphism in girls. Table 2 presents the relationship between the anthropometric characteristics and the IL-6R rs2229238 C/T genotypes of school children. Girls who carried the T allele had larger WC and WHtR than those with the CC genotype (P ¼ 0.05 and 0.02, respectively). For all genotypes, boys were heavier, and had larger BMI, WC, WHtR and less BF than girls (all Po0.005, except WHtR, P ¼ 0.03). However, there was no significant association between anthropometric characteristics and the IL-6R rs2229238 C/T polymorphism in boys. Table 3 shows the logistic regression analyses of the CRP þ 2147 A/G and IL-6R rs2229238 C/T genotypes on abnormal anthropometric status (such as general obesity, central obesity, and so on) of school children after adjusting for age, cigarette smoking, alcohol drinking and puberty status. We found that boys with the GG genotype of CRP þ 2147 A/G had a high WHtR risk when compared with the A allele carriers (odds ratio (OR) ¼ 2.14, 95% CI: 1.09-4.21, P ¼ 0.03). The T allele carriers of the IL-6R rs2229238 C/T polymorphism were associated with a high HC risk when compared with boys with the CC genotype (OR ¼ 2.33, 95% CI: 1.16-4.68, P ¼ 0.02).
The combined effects of the CRP þ 2147 A/G and IL-6R rs2229238 C/T genotypes on the risks of abnormal anthropometric status are displayed in Figures 1 and 2 . Logistic regression analyses were applied to evaluate whether the combination of the CRP gene and IL-6R gene polymorphisms represented an even stronger risk factor for abnormal body composition than either alone. After adjusting for the above relevant confounding factors, we still observed that boys who carry both the GG genotype of CRP þ 2147 A/G 
Discussion
We found that boys with the variant genotype (GG) of the CRP þ 2147 A/G polymorphism were heavier, and had larger BMI, WC, HC, BF and WHtR than the wild-type allele carriers. This finding is similar to that reported in the West of Scotland Coronary Prevention Study. 21 Casas et al. 4 found that subjects with the variant genotype (TT) of the CRP þ 1444 C/T polymorphism had a higher BMI than the wildtype allele carriers. However, their study was restricted to male Caucasians. Therefore, more studies are required to explore whether similar findings pertain to women and other ethnic groups. Our study only revealed an association between the CRP gene polymorphism and anthropometric characteristics of boys. There were greater differences in anthropometric characteristics (such as HC and WHtR) between the genders for carriers of the variant genotype of the CRP gene polymorphism than for the other genotypes. The CRP gene polymorphism, which has an important role in determining the physical characteristics of different genders, may cause this phenomenon. Anthropometric characteristics (weight status and obesity) have been shown to be strongly determined by genes, and the proportion of total body fat attributable to genetic factors varied between 5 and 80%. [22] [23] [24] However, no genetic studies have specifically addressed the relationship between CRP gene variants and anthropometric characteristics in children. Most studies have found that no association exists between the CRP gene polymorphism and anthropometric variables. [25] [26] [27] The results might relate to differences in the study design and in the age, sex and/or ethnicity of the subjects.
11
In relation to the IL-6R gene polymorphism, we found that girls who carried variant alleles had larger WC and WHtR when compared with the wild-type genotype, and boys who were variant allele carriers had a greater risk of abnormal HC. The results were similar to other studies which found that the IL-6R gene polymorphism is associated with anthropometric characteristics. [7] [8] [9] [10] Wolford et al. 10 described an association between the IL-6R polymorphisms and obesity in Pima Indians. Of the 700 non-diabetic individuals, those who carried variant alleles had higher mean BMI than those with the wild-type allele. Rafiq et al. 9 found that carriers of the variant allele of the IL-6R rs4537545 polymorphism had higher waist/hip ratios than those with the wild-type genotype. Bustamante et al. 7 found that the IL-6R À208 G/A polymorphism is associated with both BMI and obesity status. Esteve et al. 8 also described a higher prevalence of metabolic syndrome and larger BMI in the population with the more common allele of the IL-6R Asp358Ala polymorphism among 390 Spanish Caucasian subjects. It may be that the elevated sIL-6R levels in Asp358 allele carriers cause an increase in the level of the IL-6/sIL-6R complex, which then results in greater IL-6 signal transduction and activation of 28 failed to detect an association between the IL-6R Asp358Ala polymorphism and BMI in 4251 middle-aged glucose-tolerant Danish Caucasians in the Inter99 cohort study. Differences in the frequencies of genotypes or alleles might generate discrepancies in the results of such studies, but differences in the mean BMI or obesity status of populations should also be considered. Almost all of the subjects who showed a significant association between the IL-6R gene polymorphism and BMI (or obesity status) had a mean BMI of 427.0 kg m À2 in the above studies, 7-10 but the Danish white subjects of the Inter99 cohort study had a mean BMI of 25.5 kg m
À2
. 28 In our study, the CRP þ 2147 A/G gene and the IL-6R rs4845371 C/T gene had a combined effect on anthropometric characteristics only in boys. When these two genes were analyzed separately in boys, carriers of the GG genotype of CRP þ 2147 A/G had a 2.1 times greater risk of having an abnormal WHtR than the A allele carriers, and carriers of the T allele of IL-6R rs2229238 C/T had 2.3 times greater risk of having an abnormal HC than the C allele carriers. Boys who carried a variant CRP þ 2147 A/G genotype and were wild-type for IL-6R rs2229238 C/T had almost 4-8 times the risk of abnormal body compositions than the reference group. The associations still existed significantly after adjusting for potential confounding factors, including age, cigarette smoking, alcohol drinking and puberty status. Paik et al. 17 observed a combined effect of the IL-6 gene and CRP gene polymorphisms on CRP concentration. The subjects having both the high-risk IL-6 genotype and the variant allele of the CRP gene showed the highest CRP levels. Our study did not investigate the combined effect of the CRP gene and the IL-6 gene, but the CRP gene and IL-6R gene. After IL-6 binds to IL-6R, an intracellular signaling cascade is activated, leading to the inflammatory response. 6 Some studies mention that the IL-6R gene variants are significantly associated with plasma CRP levels, 29 and that the CRP gene and IL-6 gene have a combined effect on CRP levels and insulin resistance variables (insulin levels and homeostasis model assessment for insulin resistance) in adults. 17 It is possible that the CRP gene and the IL-6R gene have a combined effect on obesity status or other metabolic diseases. Interestingly, we found this gene combination effect only in boys. In twin studies, Kluft and de Maat et al. 30 observed that baseline CRP levels have 37 and 19% heritability in men and women, respectively. It seems that the CRP gene has gender-specific effects. [31] [32] [33] In an animal model, testosterone and IL-6 have been found to be required for human CRP gene expression in transgenic mice. 33 In two Finnish cohort studies, a strong association between CRP gene variants and CRP levels was found only in men. 31, 32 Our data indicate that a relationship between the CRP polymorphism and anthropometric characteristics is only present in boys. This may be due to sex hormones, which have previously been reported to be associated with the CRP gene 33 and body composition. [34] [35] [36] Gender differences in IL-6 production have been reported in previous studies; 37, 38 therefore, IL-6 or IL-6R polymorphisms that modify IL-6 levels might potentially contribute to sex disparity. For the IL-6R polymorphisms, some studies have focused on women (studying IL-6 levels, CRP levels, bone mineral density, obesity, hyperandrogenism, preterm birth, type 2 diabetes and melanoma), 7, 29, [39] [40] [41] [42] [43] [44] and one on men (studying obesity). 45 Most analyses of IL-6R gene polymorphisms have not investigated (or at least have not reported) gender differences. We found that there was a All abnormal variables were defined as ageand gender-specific 90th percentile cut-off point of the study variables. b Model: after adjusting for age, cigarette smoking, alcohol drinking and puberty status.
Combined effect of CRP and IL-6R gene SNP F-H Lin et al statistically significant gender difference in the IL-6R rs2229238 C/T allele frequency distribution (P ¼ 0.03). In addition, previous studies found that estrogen modulation and the greater amount of adipose tissue inherently present in females than in males may cause the different IL-6 production. 38, 46 Our results only show an association between the IL-6R polymorphism and body composition (WC and WHtR) for girls. The IL-6R genotype or allele distribution between different genders may have led to the results. We hypothesize that the combined effect of the CRP gene and IL-6R gene in determining gender differences might potentially contribute to sex hormone and genotype (or allele) frequency distribution disparity. The mechanism must be investigated further to define the combined effects of the gene polymorphisms on the anthropometric characteristics. To the best of our knowledge, this study is the first to investigate associations between the CRP gene and IL-6R gene and body composition in children. In summary, the CRP gene and IL-6 gene have been shown to have a combined effect on the anthropometric characteristics Combined effect of CRP and IL-6R gene SNP F-H Lin et al of children in Taiwan, especially of boys. Further studies are necessary to investigate the mechanism whereby genotypes for inflammatory or pro-inflammatory factors exert their combined effects on obesity susceptibility. These findings may suggest ways of preventing obesity in children by considering their individual genetic information.
